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ABSTRACT 
This work aims to produce garlic powder with the retention of physicochemical properties by using different methods. 
Garlic is extracted by an ultrasonic-assisted extraction technique to remove the undesired compounds. In this study, 
garlic powder is incurred through freeze-drying and spray-drying with maltodextrin as a carrier agent. To compare the 
efficiency of two drying techniques, garlic is dried without maltodextrin. This study is intended to find a technique 
to get garlic powder with the best quality. The physicochemical and microstructural properties of the garlic powder 
obtained were analyzed and compared. It was found that garlic powder spray-dried with maltodextrin has the highest 
retention of physicochemical properties compared to those treated with other techniques. Although freeze-dried 
and spray-dried powder developed without carrier agent could maintain the flavor and color, they failed to hold the 
structure and formed into clusters soon after they are exposed to air. Thus, the obtained results showed spray-drying 
with maltodextrin as the best drying technology for the maintenance of its physical and chemical properties.

INTRODUCTION
Enhancement in the intake of herbs, fruits, and vegetables 

lowers the endangerment caused by diseases. Garlic is an allium 
species that has been considered broadly for its health benefits. 
Garlic is a bulb-shaped plant with a pungent smell and therapeutic 
properties (Rivlin, 2001). It is an agricultural product that has a 
rich source of phenolic materials, phosphorous, potassium, sulfur, 
selenium, zinc, Vitamins A and C, and a lesser degree of sodium, 
manganese, and calcium (Brewster, 1977). It consists of bioactive 
components significant for medicinal properties (Macpherson 
et al., 2005). It provides substantial benefits in reducing blood 
pressure (Xiong et al., 2015; Wang et al., 2015) and low-density 
lipoprotein oxidation (Lau, 2006). In old times, garlic has been 

utilized as a curative for wounds, flatulence, intestinal discomforts, 
and other ailments. Garlic is potentially formulated with a self-
protective mechanism against microbial growth. There are many 
active compounds present in garlic along with other compounds. 
The activity of these compounds occurs when the garlic bulb is 
crushed, thereby causing the release of alliinase enzyme which 
plays a major role in enzymatic reaction required for the production 
of thiosulfinates. Alliin gathers in the whole garlic naturally when 
stored at the cool temperature. Garlic is well known for its odor, 
which comes from alliin and other sulfur compounds. It contains 
more sulfur compounds of about 1.1–3.5% when compared with 
onions which have 0.4–1.2% (Patra, 2012). These compounds lose 
their nature when exposed to heat and oxygen. During processing, 
entire garlic is converted into organosulfur compounds in a short 
period. It is a long-known fact that the extraction of food can 
enhance potentiality and wipe out displeasing features such as 
acidic, irritating, and oxidizing components.

The traditional method of the extraction of garlic has 
certain disadvantages of long extraction time, degradation of 
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thermally stable constituents, and so on. To overcome this problem, 
an ultrasound-assisted extraction method is used. Ultrasound-
assisted extraction is a key technology, in which sustainable green 
chemistry and extraction are achieved in less time with high 
efficacy. 

Spoilage occurring postharvest causes a fast degradation 
of product quality, resulting in wastage. Drying is one of the 
promising ways, which can decrease the expense of packaging, 
storage, and transportation. It also restricts losses as the dried 
powders have high stability than liquid foods. Juices from 
vegetables and fruits can be preserved for months, whereas 
powder products can be stored for years depending on packaging 
and storage condition. Various types of drying techniques are 
available in industries. Spray-drying, foam-mat drying, and 
freeze-drying are considered as the most effective methods for the 
production of fruit and vegetable powders. Spray-drying is found 
to be the efficient one used in the food industry, among many 
encapsulation methods (Pang et al., 2014; Reineccius, 2004). In 
the spray-drying chamber, fine liquid droplets get large surface 
area through atomization that causes the production of spherical-
shaped powders with longer shelf life (Beck-Broichsitter et al., 
2011). However, fruit and vegetable juices are difficult to spray 
dry as it contains sugar, which leads to stickiness and low glass 
transition temperature that affects the drying process. Many 
studies were reported in which spray-drying without carrier agent 
caused a less powder production. To overcome this, encapsulation 
is done by using maltodextrin as carrier material (Quek et al., 
2007). Encapsulation is a method used to increase the yield 
of the product, resulting in a powder form with enhanced shelf 
life. Encapsulation method is used to protect the sensitive active 
compounds responsible for flavor and aroma (Ahmed et al., 2010; 
Borgogna et al., 2010; Jafari et al., 2008; Medina-Torres et al., 
2013; Saénz et al., 2009). These active compounds are packed 
in a matrix during encapsulation (Akhavan et al., 2014). This 
process improves the quality of the product and protects against 
ambient condition and easy maintenance (Deladino et al., 2008; 
Shu et al., 2006). One of the important parts in microencapsulation 
is the selection of wall material (Pang et al., 2014). Some of 
the commonly used encapsulation agents in plant-related food 
products are maltodextrin and gum arabic (Bhusari et al., 2014; 
Fazaeli et al., 2012; Turchiuli et al., 2014). Maltodextrin, a 
food ingredient, is the most commonly used agent in the food 
industry. It is a solid matrix formed by carbohydrates which are 
amorphous and are efficient in stabilizing nutrients and bioactive 
compounds (Roos, 2010). In addition to that, maltodextrin 
improves the wettability and density of the encapsulant. Freeze-
drying is also used as a method to obtain a powdered form of 
food. Low-temperature drying methods such as freeze-drying are 
based on the assumption that it does not alter the phytochemical 
nature of the food. Freeze-drying is also known as lyophilization 
or cryodesiccation, and it is considered as the best method for 
drying thermosensitive substances. Although it is costly compared 
to other drying methods, it has the capability to retain the value 
of nutraceutical extract and other heat-sensitive compounds 
justifying the cost (Lopez-Quiroga et al., 2012). In freeze-drying, 
crystallization of water in ice crystals occurs under pressure, 
which sublimates afterward leading to the formation of porous 
structure in the dried product. During this process, substances are 

not exposed to high temperatures, thereby preserving the nutritious 
characteristics and enhancing the shelf life of the product. The 
problem with freeze-drying is the loss of texture and an increase 
in crumbliness (Chassagne-Berces et al., 2009; Ratti, 2001; Van 
Buggenhout et al., 2006). While it is proven that even though 
freeze-drying prevents thermal degradation, phytochemicals are 
degraded by polyphenol oxidase enzymes (Devic et al., 2010).

This study aims to study the best method to obtain a garlic 
powder with better retainment of physicochemical properties. 
To eliminate the unwanted compounds, garlic is extracted by 
ultrasonic-assisted extraction. The extract is made into powdered 
form to stabilize the shelf life. This is done by spray-drying with and 
without maltodextrin and freeze-drying without maltodextrin. The 
main objective is to produce garlic powder by microencapsulation 
of garlic extract with maltodextrin and without maltodextrin and 
also to obtain by freeze-drying without maltodextrin. This study 
focuses on the comparative analyses on the physicochemical 
properties of the garlic powder obtained by these three methods. 
Furthermore, the microstructure of garlic powder obtained by 
differential methods is studied.

MATERIALS AND METHODS

Sample preparation
Fresh garlic is purchased from a local supermarket 

in Kuantan, Malaysia. Garlic bulb was separated into cloves, 
manually peeled, and then ground to a pulp with 50 ml of water. 
The pulp was weighed and mixed with 100 ml of water. It is then 
extracted by ultrasonication.

Ultrasonic-assisted extraction of garlic
Ultrasonic-assisted extraction was carried out in a double 

frequency desk-top ultrasonic processor (Model: QSONICA/
Q700, USA). Garlic pulp was extracted by ultrasonication at 50 
amplitude for 50 minutes. Moreover, the final temperature after 
extraction was found to be 84°C, with power as 57 w and energy 
as 102,142 J. After extraction, the garlic pulp was centrifuged at 
4°C, 10,000 rpm for 15 minutes. The supernatant was then filtered 
from residue. The garlic extract is concentrated at 40°C and 80 
rpm using a rotary evaporator

Spray-drying of garlic
The feed solution for spray-drying of garlic extract with 

maltodextrin was prepared using 20% maltodextrin (obtained 
from maltodextrin with a dextrose equivalence of 16.5–19.5) 
as a carrier material. Similarly, a feed solution containing garlic 
extract without maltodextrin is prepared. Garlic extract was spray-
dried with maltodextrin and without maltodextrin. Once the feed 
mixture was prepared, the drying experiment was carried out. 
Spray-drying was performed with an inlet temperature of 182°C 
and an outlet temperature of 93°C. A 1-mm diameter nozzle was 
used to produce the spray-dried garlic powder. The pressure of the 
liquid feed was six bar with a liquid flow rate of 0.0125 kg/s.

Freeze-drying of garlic
The concentrated garlic extract was prefreezed at −80°C 

for 48 hours. Freeze-drying is performed using Alpha 2-4 CDplus-
Alchrist Freeze drier . The drying took place with a vacuum 
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pressure of 0.012 bar at −60°C for 48 hours. The dried product 
was stored in a desiccator. 

Moisture content of garlic powder
The moisture content of the garlic powder was measured 

using moisture meter (AND MS-70). All samples are analyzed in 
triplicates.

pH measurement
The pH of the reconstituted garlic paste was measured 

using digital pH meter (Cyber pH 14 L) (Abid et al., 2013).

Acidity
Total titratable acidity was measured according to 

the method described (Cristina et al., 1999). The reconstituted 
garlic paste was filtered and titrated against 0.1N NaOH. The 
following formula was used to calculate the total acid % in 
terms of predominant acid present in the garlic, i.e., pyruvic acid 
(Ranganna, 2010).

, % =

× × ×

×
×

×Acidity

Titre value Normality of alkali Volume made up

Equivalent weight of acid

Volume of sample taken for estimation

Weight of sample taken 1000

100

Total soluble solids
Total soluble solids in the reconstituted garlic paste were 

determined with a hand refractometer (ATAGO PAL −3, Japan) 
and calibrated using distilled water. The hand refractometer works 
on the principle of the total refraction of light. About 0.5 ml of the 
paste was spread on the plate surface, and the value was observed 
(Abid et al., 2013).

Water solubility index (WSI) and water absorption capacity 
(WAC)

About 0.5 g of powder was mixed with 6 ml of distilled 
water in a centrifuge tube and was centrifuged at 3,000 rpm for 10 
minutes. The supernatant was dried at 105°C to obtain a dry solid 
weight, and the residue was also weighed (Anderson and Griffin, 
1969).

= ×( ) ( )
( )Water solubility index, WSI

Weight of dry solid in supernatant

Weight of dry sample

100

=( ) ( )
( ) ( )−

Water absorption capicity, WAC

Weight of wet sediment

Weight of dry sample Weight of dry solids

=( ) ( )
( ) ( )−

Water absorption capicity, WAC

Weight of wet sediment

Weight of dry sample Weight of dry solids

Bulk density, tap density, and porosity
About 5 g of the garlic powder is taken in a measuring jar 

with a capacity of 25 ml. Bulk density was calculated in m/V (Kg/
m³). Tapping the measuring jar will provide a tap density which is 
also expressed as m/V (Kg/m³). Porosity is the void space between 
particles and is expressed in terms of percentage (Caparino et al., 
2012).

=
ρ − ρ

ρ
Porosity

t b

t

where ρt is the tap density, and ρb is the bulk density.

Flowability studies
Hausner’s ratio (HR) was used to understand the 

flowability of the dried powders. It was determined by calculating 
the ratio between tap density and bulk density (Kotaro et al., 2001).

Hausner’s ratio, =
ρ
ρ

HR
t

b

Water activity
Water activity (aw) was determined using the method of 

Caparino (Caparino et al., 2012). About 2 g of the garlic powder 
was placed in a cup and placed inside the water activity machine 
until it gave a beep sound, after which the water activity value was 
noted.

Color analysis
Color measurements of the garlic were carried out using 

a HunterLab (ColorQuest), based on three variables, namely, L, a, 
and b. The L value signifies the lightness, the a value represents 
greenness and redness, and the b value signifies a change from 
blueness to yellowness. The instrument was calibrated against a 
standard white reference tile (Trirattanapikul and Phoungchandang, 
2014). 

Morphological studies
The microstructure of the sample was evaluated with a 

scanning electron microscope (SEM) (Hitachi TM3030, Japan). 
The samples were mounted on specimen stubs with double-sided 
adhesive carbon tapes. The specimen was coated with gold and 
was operated at 15 kV with a magnification of 500×. The system is 
also equipped with a silicon drift detector-based energy dispersive 
X-ray (Oxford Instruments).

RESULTS AND DISCUSSION

Ultrasound-assisted extraction of garlic
The extraction of garlic was done by ultrasonication 

method, by which the resultant extract was centrifuged, filtered, 
and concentrated by rotary evaporation as shown in Figure 1. The 
volume of the final extract was about 700 ml, which has been parted 
into three for freeze-drying, spray-drying with maltodextrin, and 
spray-drying without maltodextrin.

Effect of different drying techniques on the properties of garlic 
powder

The spray-drying of garlic extract with and without 
maltodextrin was carried out. The garlic extract spray-dried 
without maltodextrin took a drying time of 25 minutes, which was 
less when compared to drying of garlic extract with maltodextrin 
which took about 40 minutes. As shown in Figure 2, garlic 
powder obtained without maltodextrin seems to be more sticky 
and devoid of lightness than that of spray-dried garlic powder 
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with maltodextrin. On the other hand, freeze-dried garlic powder 
was found to have a crystalline texture and more pungency as 
shown in Figure 2. Apart from this, a comparative analysis of the 
physicochemical properties of the garlic powder obtained by spray 
and freeze-drying was done.

Physicochemical analyses of garlic powder

Garlic powder obtained by spray- and freeze-drying was 
analyzed for physical parameters including bulk density, tapped 
density, flowability, porosity, water activity, moisture content, 
WSI, WAC, color, and biochemical analyses including pH, 
acidity, Total Soluble Solids (TSS) by the Association of Official 
Analytical Chemists methods, as shown in Table 1.

Moisture content is a significant property of powder, 
which is associated with the efficiency of drying. The moisture 
content of the garlic powder obtained by freeze-drying is about 
15.07%. It could be due to the porous nature of the freeze-dried 
powder, which tends to absorb the surrounding moisture. In the 
case of spray-drying, garlic powder obtained with maltodextrin 
as a carrier agent has a higher moisture content (16.45%) than 
garlic powder obtained without maltodextrin (10.26%). This 
could be due to the high retention capacity of starch derivatives 
in maltodextrin. Similar results were also reported in spray-dried 
lemongrass, which had a moisture content ranging from 8.49% 
to 13.11% concerning inlet temperature (Tuyet and Ha, 2018). 
Moisture content has a direct effect on the water activity of the 
product, and lesser the moisture content less will be the water 
activity and more will be the shelf life of the product. Water 
activity shows the microbial growth stability, which is important 
for the long-term storage of any product. Garlic powder with 
maltodextrin had the highest water activity. Spray-dried garlic 
powder without maltodextrin is found to have a low water activity 
of 0.213 than that of freeze-dried powder having 0.269. In the 
case of the freeze-drying process, a more porous structure was 
formed, which resulted in higher moisture content and water 
activity values (Franceschinis et al., 2014). However, the water 
activity values were within the expected range (<0.6) of dried 
products, indicating that these products are safe from microbial 
growth (Subtil et al., 2014). A similar relation was observed in the 
case of orange juice powder (Islam et al., 2015) and carrot powder 
(Janiszewska-Turak et al., 2017). 

The cognition of food density is essential for 
processing, packaging, shipping, and storage. In general, the 
powder obtained with maltodextrin expressed higher bulk and 
tapped density. The change in these properties is mainly due 
to the solid content, viscosity, and temperature of the feed. 
There is no significant difference between the density of freeze-
dried garlic powder and spray-dried powder with maltodextrin. 
During the process of drying, moisture removal tends to increase 
the solid content. Spray-dried garlic powder with maltodextrin 
is found to have more density when compared to those treated 
with the other two methods. The addition of maltodextrin has 
increased the tapped and bulk density of the product. The bulk 
and tapped densities of the freeze-dried sample were also more 

Figure 1. Garlic extract obtained from ultrasonication.

Figure 2. Representation of garlic powder.

Table 1. Physical properties of garlic powder.

Garlic powder

Properties Freeze-dried Spray-dried with 
Maltodextrin

Spray-dried without 
Maltodextrin

Moisture content (%) 15.07 ± 0.03a 16.45 ± 0.04b 10.26 ± 0.03

Water activity (aw) 0.269 ± 0.02a 0.357 ± 0.01c 0.213 ± 0.04b

Bulk density (g/ml) 0.35 ± 0.11a 0.36 ± 0.13a 0.266 ± 0.1b

Tapped density (g/ml) 0.55 ± 0.02a 0.7 ± 0.03b 0.33 ± 0.04c

Porosity 34.54 ± 0.2b 40.05 ± 0.04a 23.31 ± 0.1c

HR 1.5 ± 0.02b 2.1 ± 0.04a 1.24 ± 0.02c

Colour
L 91.47 ± 0.1b 98.27 ± 0.05a 90.02 ± 0.17b

b 15.34 ± 0.2a 3.01 ± 0.02c 7.34 ± 0.12b

pH 5.88 ± 0.236a 5.70 ± 0.575b 5.91 ± 0.136

Acidity (%) 1.99 ± 1.07a 1.056 ± 0.02c 0.88 ± 0.176b

TSS (ºBrix) 2 ± 0.72b 2.73 ± 1.27a 0.93 ± 0.302c

WAC 5.83 ± 0.02a 2.5 ± 0.03c 3.8 ± 0.05b

WSI 88.6 ± 0.1a 98 ± 0.55b 88.2 ± 0.31a

TSS = Total soluble solids; WAC = Water absorption capacity; WSI = Water solubility 
index.
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due to the crystalline structure of the powder, which had bigger 
particles. Higher bulk density has advantages that the product 
can be stored in smaller containers. Lower the bulk density, 
more jammed will be the stir within the product that causes 
oxidation and reduces storage period. In this study, bulk and 
tapped density values were in proximity with the values of 
amaranthus betacyanin pigment powder (0.56–0.64 g/ml) (Cai 
and Corke, 2000) and beetroot juice concentrate (0.48–0.58 
g/ml) (Bazaria and Kumar, 2016). Similarly, the bulk density 
of spray-dried mao powder was in the range of 0.5–0.65 g/ml 
(Suravanichnirachorn et al., 2018). 

Bulk density and tapped density have a direct effect 
on porosity and flowability of the garlic powder. Spray-dried 
garlic powder without maltodextrin is found to have less void 
space than others due to less density. Less the HR, more will 
be the flowability of the product. Due to less moisture content 
and more solid content, spray-dried garlic powder without 
maltodextrin is found to have good flowability than other 
treatments. Flowability is also attributed to size, surface, and 
chemical nature of the particle (Emery et al., 2009, Lumay 
et al., 2012). Color is an important factor for the overall 
acceptability of the product. Hence, it is expected to remain 
the same even after drying. There was no significant difference 
between the spray-dried and freeze-dried garlic powder 
without maltodextrin. However, the addition of carrier material 
maltodextrin influenced the lightness of the powder. Spray-
dried garlic powder with maltodextrin had higher L value 
and reduced a* and b* value, whereas spray-dried powder 
without maltodextrin and freeze-dried powder have higher a* 
and b* value indicating the non-enzymatic browning reaction. 
Moreover, another factor that may explain the differences in the 
color attributes is the different water content of the biomasses 
since drying processes modify the surface of a product altering 
its reflectiveness and color. During spray-drying, a* decreased 
as L* increased because oxidation of pigments increasingly 
reveals the white color of the maltodextrin. The level of 
nonenzymatic browning and amount of color indicators is based 
on the process parameters including temperature and time (Quek 
et al., 2007). The pH of the garlic before drying was 3.9, with an 
acidity % of 2.1. The pH increased after drying as 5.8, 5.7, and 
5.91 leading to a reduction in the acidity of about 1.99%, 1.05%, 
and 0.88 % in the form of pyruvic acid in freeze-dried, spray-
dried with maltodextrin, and spray-dried without maltodextrin 
garlic powder, respectively. This could be due to the loss of 
acid that occurs due to evaporation happening during the drying 
process. Similar results were also reported in freeze-dried guava 
puree (Askar et al., 1992). There was a significant difference in 
the Brix between freeze-dried powder and spray-dried powder 
without maltodextrin. The increase in Brix happens as a result 
of increased concentration along with maltodextrin hydrolysis 
during the process of drying (Mahendran, 2010). A WSI of a 
powder represents the ability to dissolve in water. Solubility is 
based on the degradation of components present in the garlic 
powder. There was no significant difference between freeze-
dried powder (88.6%) and garlic spray-dried powder without 

maltodextrin (88.2%). However, spray-dried garlic powder with 
maltodextrin showed a high WSI value of about 98%, which 
could be due to the presence of maltodextrin. A similar trend was 
also reported in sugarcane juice powder, in which it is explained 
that the increased water solubility is due to low protein content. 
High WSI was observed in apple juice concentrate (90.67–
98.69%) (Sarabandi et al., 2018) and jamun fruit juice powder 
(87.67–99.67%) (Santhalakshmy et al., 2015). The results were 
also similar to Cano-Chauca et al. (2005), where the effect 
of different carrier materials on the solubility of mango juice 
powder is studied. WAC is an important property in powder, 
representing its ability to reassociate with water. It depends 
on the carrier material, hydrophilic groups on the surface of 
the particle, and encapsulating compounds. WAC is found 
to be more in freeze-dried garlic powder (5.83), due to easy 
absorption of moisture from the surrounding causing stickiness 
in the powder. Similar results were observed in Martinelli et al. 
(2007), where added maltodextrin reduced the water absorption 
by balancing hydrophilic and hydrophobic sites. In spray-dried 
garlic powder with and without maltodextrin, WAC was 2.5 and 
3.8, respectively. Powder with high water solubility will have 
decreased WAC or vice versa (Ahmed et al., 2010).

SEM images
The microscopic studies show the external morphology 

of the garlic powder obtained by freeze-drying and spray-drying 
with and without maltodextrin, as shown in Figure 3a–c. SEM 
images the mixtures of particles with a different surface structure 
and shape. In the case of spray-drying, garlic powder produced 
with maltodextrin showed as spherical particles with a smooth 
surface. This is the morphology that is commonly presented 
by spray-dried powders with maltodextrin. It is a beneficial 
structure as it has lower permeability, increased protection, and 
better retention of bioactive compounds. A similar structure was 
also observed in spray-dried tamarind powder. In spray-dried 
garlic powder without maltodextrin, irregularly shaped particles 
with shrinkage on its surface were obtained because of the 
rapid constitution of crust on the droplet surface. Date powder 
obtained with maltodextrin as a carrier agent showed a similar 
structure of uniform, globular structure with agglomerates 
(Manickavasagan et al., 2015). A change in the size of the 
particle is a satisfactory quality as it supports that there is a 
significant effect of maltodextrin on the morphology of garlic 
powder. An examination of the microstructure of the freeze-dried 
garlic powder indicates the irregular structure of various sizes. 
Freeze-dried garlic powder had pores perfused that occurred 
during the freezing process when ice crystals were formed which 
got removed throughout the freeze-drying process. The solid 
state of water during freeze-drying defends the main structure 
and reduces the change in the shape of the product with minimal 
shrinkage (Marques et al., 2007). Freeze-drying leads to the 
production of highly porous powder that can absorb more water 
from the surrounding (Tsami et al., 1998). A similar trend was 
also followed when blackberry was freeze-dried and spray-dried 
(Franceschinis et al., 2014). 



Poojitha et al. / Journal of Applied Pharmaceutical Science 10 (05); 2020: 127-134 132

CONCLUSION
In this study, the quality parameters of the garlic powder 

extracted by ultrasound-assisted extraction were investigated. 
Spray-drying and freeze-drying were used as methods to obtain 
garlic powder, and their efficiencies were compared based on 
physicochemical properties. The results indicated that ultrasound-
assisted garlic dried by spray-drying with maltodextrin is found 
to maintain the physicochemical properties of garlic . Due to the 
starch derivative of maltodextrin, the moisture content and water 
activity were high of about 16.45% and 0.35, but it was under 
the expected range. Although spray-dried garlic produced with 
maltodextrin had more water activity than that obtained from other 
methods, it was below the expected range of 0.6. As desired, bulk 
density was also high in spray-dried powder with maltodextrin, 
indicating its efficiency in packaging. The microstructural study 
shows that garlic powder spray-dried with maltodextrin had a 
spherical smooth surface, which is more acceptable than irregular 
shaped rough-surfaced powder obtained from spray-drying 
without maltodextrin.
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